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(54) Power MOS transistor 

(57) A MOS power device such as a power MOS- 
FET (eg. VDMOS) or an insulated gate bipolar transistor 
(ie. IGBT) with a high dynamic ruggedness, which com- 
prises a parasitic bipolar transistor having its base in a 
base region (3,5) of the power device and means lor 
counter-biasing the parasitic bipolar transistor. The 
counter-biasing means are resistive means inserted be- 



tween a source region (4) of the power device and an 
emitter (E1) of the parasitic bipolar transistor (NPN). 
Said resistive means may consist of a lightly doped re- 
gion (12) of the same conductivity type as that of the 
source region (4) of the power device and disposed in 
the base region (3,5) of the power device, under said 
source region (4). 
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Description 

[0001] The present invention relates to the field of 
semiconductor power devices, particularly to the sector 
of MOS-technology power devices, such as power s 
MOSFETs and insulated gate bipolar transistors (IGBTs 
for short). 

[0002] As is known, a power device of the IGBT type, 
being a four-layer device (NPNP), is intrinsically asso- 
ciated with a parasitic thyristor (or "silicon controlled rec- io 
tifier", SCR) whose triggering must be prevented. 
[0003] With reference to Figure 1 , a portion of a con- 
ventional IGBT is shown in cross-section, an equivalent 
electrical circuit of this device being shown in Figure 2. 
The IGBT comprises a highly doped semiconductor is 
substrate 1 having a first type of conductivity, for exam- 
ple P+; a metal layer 7, forming the collector C of the 
IGBT, is applied to the back of the substrate 1 . A lightly 
doped semiconductor layer 2 having a second type of 
conductivity, N in the example, is formed by epitaxy on 20 
the substrate 1 . A plurality of P-type base regions 3, con- 
stituting elementary functional units of the IGBT, is 
formed in the layer 2. Heavily doped N-type regions 4, 
constituting source regions 4 of the IGBT, are formed in 
the base regions 3 whose doping is moderate and is de- 2s 
termined by the threshold voltage value desired for the 
IGBT Heavily doped P+ regions 5 are also formed in 
the base regions 3, under the source regions 4. 
[0004] A gate electrode 6, typically made from doped 
polysilicon and insulated from the underlying silicon by 
means of a gate oxide layer 8, is provided on the surface 
of the layer 2. The gate electrode 6 extends between 
adjacent base regions 3 and partially over the base re- 
gions 3 to the source regions 4. The portions of the base 
regions 3 lying under the gate electrode 6 form channel 
regions 9 of the IGBT 

[0005] A layer of insulating material 10 covers the 
gate electrode 6, and a metal layer 11 contacts the 
source regions 4 and the central part of the P+ regions 
5, thus short-circuiting them. The layer 11 forms the 
emitter electrode E of the IGBT. A gate electrode G is 
also provided; this contacts the polysilicon layer 6 in an 
area of the chip which is not shown. 
[0006] As shown by the equivalent circuit diagram in 
Figure 2, the IGBT is comparable to a power MOSFET 
(MOS in Figure 2), in parallel with a parasitic NPN bipo- 
lar transistor which, together with a parasitic PNP bipo- 
lar transistor, forms a thyristor. The resistance R_well is 
the resistance of the portion of P+ region 5 which ex- 
tends from the contact with the metal layer 11 under the 
source regions 4 to the limit of these regions. 
[0007] The characteristics of dynamic ruggedness of 
these devices on turning off ("turn-off latching") and 
switching in short-circuit conditions are affected to a 
considerable degree by the resistance R_well. 
[0008] This is because some of the holes that are in- 
jected from the back of the device pass through the re- 
sistance R_wel! and thus cause a voltage drop in the 



portion of the base region under the source; this voltage 
drop can cause the forward biasing of the base-emitter 
junction of the parasitic NPN bipolar transistor, and con- 
sequently turn this transistor on. 
[0009] The most common solutions to this problem 
consist in decreasing the flow of injected holes by intro- 
ducing a "life-time killer" into the epitaxial layer 2 of the 
device, or increasing the concentration of dopant in the 
portion of the base region under the emitter, so that the 
resistance R_well is decreased. 

[0010] A third known solution, generally used in com- 
bination with the two previous ones, consists in forming 
so-called "ballast" resistances. The equivalent circuit di- 
agram of this solutbn is shown in Figure 3. A current 
consisting of the sum of the electron currents of the pow- 
er MOSFET and of the parasitic NPN bipolar transistor 
flows through the ballast resistance R_ballast connect- 
ed in series with the source of the power MOSFET and 
the emitter of the parasitic NPN bipolar transistor, and 
this current causes a rise in the emitter voltage of the 
said NPN transistor and of the source of the power 
MOSFET. 

[0011] Thus a negative emitter feedback is intro- 
duced; the base-emitter voltage (Vbe) of the parasitic 
NPN bipolar transistor is lower than in the preceding 
case, being determined by the voltage across the resist- 
ance R_well from which the voltage drop across the re- 
sistance RJballast is subtracted. The parasitic NPN bi- 
polar transistor is therefore turned on by a higher value 
of current flowing in the parasitic PNP bipolar transistor. 
[0012] Figures 4 and 5 show a possible way of pro- 
ducing the ballast resistance R_ballast, in an IGBT hav- 
ing a stripe structure. As shown in Figure 5, a section of 
which along the line IV-I V is shown in Figure 4, the base 
regions 3 are elongated stripes, and within these the 
emitter regions 4 are substantially continuous, with a 
longitudinal succession of apertures where the P+ re- 
gions 5 remain exposed. Under these apertures, there- 
fore, the source regions 4 are not contacted by the metal 
coating layer 11 , and the currents l_mos (current of the 
power MOSFET MOS) and l_npn (current of the para- 
sitic NPN bipolar transistor) must flow through a longer 
path to reach the emitter electrode E. This longer path 
gives rise to the resistance R_ballast. 
[0013] However, the presence of the ballast resist- 
ance has a detrimental effect on the saturation voltage 
(Vcesat) of the IGBT. This is because the ballast resist- 
ance increases not only the emitter voltage of the para- 
sitic NPN bipolar transistor, but also the source voltage 
of the power MOSFET, thus decreasing the overall gate- 
source voltage (Vgs) of the device. The decrease of the 
voltage Vgs causes a decrease of the drain current of 
the power MOSFET, and since this current forms the 
base current of the parasitic PNP bipolar transistor, the 
output current of the PNP transistor, and consequently 
of the IGBT, is reduced. 

[001 4] A problem of ruggedness similar to that shown 
by IGBTs, although less evident, is also inherent in pow- 
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er MOSFETs whose cross-section is identical to that of 
the IGBT shown in the figure, but without the P+ layer 
1 . A device of this type is intrinsically associated with a 
parasitic bipolar transistor, more precisely the NPN tran- 
sistor in Figures 2 and 3, with its collector and emitter 
consisting, respectively, of the drain and source of the 
power MOSFET, and with its resistance FLwell in series 
with the base. The turning on of the parasitic NPN bipo- 
lar transistor as a result of the voltage drop across the 
resistance R_well creates a concentration of current 
which may destroy the power MOSFET. In this case al- 
so, the insertion of the ballast resistance in a similar way 
to that shown in Figure 3 has the result of increasing the 
saturation voltage of the power MOSFET. 
[001 5] In view of the prior art described above, an ob- 
ject of the present invention was to provide a MOS-tech- 
nology power device which has a high dynamic rugged- 
ness : without the negative effect of this on the saturation 
voltage which is found in the known solutions. 
[0016] According to the present invention, this object 
is achieved by means of a MOS-technology power de- 
vice, which is intrinsically associated with a parasitic bi- 
polar transistor having its base in a base region of the 
power device of the MOS type, and comprising counter- 
biasing means for counter-biasing the parasitic bipolar 
transistor, characterized in that the said counter-biasing 
means are inserted between an emitter of the parasitic 
bipolar transistor and a source region of the MOS-tech- 
nology power device. 

[001 7] The features and advantages of the present in- 
vention will be made clearer by the following detailed 
description of one of its possible embodiments, illustrat- 
ed purely by way of a non-limiting example in the at- 
tached drawings, in which: 

Figure 1 shows a cross-section of an IGBT accord- 
ing to the prior art; 

Figure 2 is an equivalent electrical circuit of the IG- 
BT in Figure 1; 

Figure 3 shows an equivalent electrical circuit of an 
IGBT according to the prior art, with a ballast resist- 
ance; 

Figure 4 is a cross-section of the IGBT in Figure 3; 
Figure 5 is a plan view of a portion of the IGBT in 
Figure 4; 

Figure 6 is an equivalent electrical circuit of an IGBT 

according to the present invention; 

Figure 7 is a sectional view, similar to that in Figures 

1 and 4, of a portion of an IGBT according to the 

invention; 

Figure 8 shows a doping profile of the IGBT in Fig- 
ure 7 along the line Vlll-VIII in this figure; 
Figure 9 shows a doping profile of the IGBT in Fig- 
ure 7 along the line IX-IX in this figure; and 
Figure 1 0 is an equivalent electrical circuit of a pow- 
er MOSFET according to the present invention. 

[0018] With reference to Figure 6, in which parts 
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which are the same as those of the figures discussed 
previously are identified by the same references, in an 
embodiment of the present invention a feedback resist- 
ance R_npn is connected in series between the emitter 

s of the parasitic NPN bipolar transistor and the source of 
the power MOSFET, which is directly connected to the 
emitter electrode E of the IGBT Unlike the resistance 
R_ballast in Figure 3, the resistance R_npn acts as a 
ballast resistance only in respect of the parasitic NPN 

10 bipolar transistor, which undergoes a counter-biasing of 
its emitter E1, thus balancing the voltage drop across 
the resistance R_well and increasing the current in the 
parasitic PNP bipolar transistor so that the SCR is 
turned on. The beneficial effect of the counter-biasing 

is of the NPN transistor does not affect the power MOS- 
FET MOS, whose source 4 is kept at the potential of the 
emitter E of the IGBT, which is driven by a Vgs voltage 
equal to the total gate-emitter voltage of the IGBT Con- 
sequently there is no increase in the saturation voltage 

20 Vcesat. 

[0019] A possible practical embodiment of the inven- 
tion is shown in Figures 7 to 9. With reference to these, 
the introduction of the ballast resistance R_npn in series 
with the emitter of the parasitic NPN bipolar transistor is 

25 achieved by providing more lightly doped N-type regions 
12 under the N+ source regions 4 of the power MOSFET 
By way of example, the dopant concentration values in 
the various regions are approximately 5 x 10 20 atoms/ 
cm 3 for the N+ region 4, approximately 2 x 10 19 atoms/ 

30 cm 3 for the N- region 12, approximately 1 x 10 19 atoms/ 
cm 3 forthe P+ region 5, and approximately 1 x 10 18 at- 
oms/cm 3 for the P- region 3. The presence of the N-re- 
gions 1 2 does not affect the power MOSFET, as may be 
seen in Figure 9, while it introduces a resistance in se- 

35 ries with the emitter of the parasitic NPN transistor. With 
reference to Figure 8, the current flowing in the parasitic 
NPN transistor, before reaching the N+ region 4, en- 
counters the N- region 12 which has a higher resistivity; 
the N- region 1 2, which forms the emitter of the parasitic 

40 NPN bipolar transistor, on the one hand introduces a dis- 
tributed resistance between the emitter of the parasitic 
NPN transistor and the source of the power MOSFET 
(N+ region 4), and on the other reduces the emitter ef- 
ficiency of the parasitic NPN bipolar transistor, thus re- 

45 ducing gain thereof. 

[0020] In this way the latching current of the IGBT is 
increased both as a result of the counter-biasing of the 
emitter of the parasitic NPN bipolar transistor and as a 
result of the reduction of its gain. Consequently the loop 

50 gain of the parasitic SCR decreases, and the latching 
current of the IGBT increases, providing a higher dy- 
namic stability. 

[0021] All of this is achieved without negative effects 
on the power MOSFET, since in this case the flow of 
55 current is horizontal and does not affect the N- regions 
1 2 (Figure 9); the output current of the power MOSFET, 
in other words the collector current of the IGBT, remains 
unchanged, and therefore Vcesat does not increase. 
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[0022] In terms of the manufacturing process, the 
forming of the N- regions 12 under the N+ regions 4 is 
carried out, for example, by an implantation at a lower 
dose but with a higher energy than those of the implan- 
tation used to form the N+ regions 4, although the same 
photolithographic mask is used. 

[0023] Clearly, the present invention can be applied 
to IGBTs having either a cellular structure or a stripe 
structure. The conductivity types of the various semi- 
conductor regions shown and described may also be re- 
versed. 

[0024] Additionally, the present invention can also be 
applied directly to power MOSFETs, as shown in Figure 
10, where D and S indicate the drain and source elec- 
trodes, respectively, of the device. The sectional view is 
identical to that in Figure 7, except that the P+ substrate 
1 is omitted. Exactly as in the case of the IGBT, the pres- 
ence of the resistance R_npn causes a counter-biasing 
of the parasitic NPN bipolar transistor intrinsically asso- 
ciated with the power MOSFET, making it more difficult 
to turn on, but without adversely affecting the perform- 
ance of the power MOSFET. 

[0025] From the above description, a person with av- 
erage skill in the art will easily be able to identify other 
practical embodiments of the present invention, without 
departing from the scope of protection defined by the 
following claims. 



of the preceding claims, characterized in that it is a 
power MOSFET. 

5. Power device of the MOS type according to any one 
5 of Claims 1 to 4, characterized in that it is an insu- 
lated gate bipolar transistor (IGBT). 

6. Method for manufacturing a MOS-technology pow- 
er device, characterized in that it comprises the for- 

10 mation of a weakly doped region (12).. having a sec- 
ond type of conductivity, within a base region (3, 5) 
having a first type of conductivity, and under a highly 
doped source region (4), having the second type of 
conductivity, of the MOS-technology power device. 

15 

7. Method according to Claim 6, characterized in that 
the said weakly doped region (12), is formed by an 
implantation of dopant having the second type of 
conductivity, in a lower dose but at a higher energy 

20 than those used for the formation of the said source 
region (4) of the power device of the MOS type. 
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Claims 30 

1 . MOS-technology power device which is intrinsically 
associated with a parasitic bipolar transistor having 
its base in a base region (3, 5) of the MOS-technol- 
ogy power device, and comprising counter-biasing 35 
means for counter-biasing the parasitic bipolar tran- 
sistor, characterized in that the said counter-biasing 
means (R_npn) are inserted between an emitter 
(E1) of the parasitic bipolar transistor (NPN) and a 
source region of the power device of the MOS type. *o 

2. Power device of the MOS type according to Claim 

1, characterized in that the said counter-biasing 
means (R_npn) are resistive means. 

45 

3. Power device of the MOS type according to Claim 

2, comprising at least one base region (3, 5) having 
a first type of conductivity, formed in a semiconduc- 
tor layer (2) having a second type of conductivity, 
and at least one highly doped source region (4) of 50 
the second type of conductivity formed in the said 

at least one base region, characterized in that a 
weakly doped region (12) having the second type 
of conductivity, which constitutes the said resistive 
means (R_npn), is formed in the said base region, 55 
under the source region. 

4. Power device of the MOS type according to any one 
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